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Abstract
This paper addresses the crucial first steps of the life-cycle of an engineering data
management system (EDMS). Implementation, especially preparation of implementation,
is quite often given the emphasis needed in speeches. However, the number of ‘how-to’
instructions publicly available is very small, partially because they are often considered as
boring and non-scientific in the academic world. One could even sometimes think that a
purchase of an EDMS is as simple as ‘buy and use’. The raise of Business Process Re-
engineering has gradually given some thrust for implementation issues to become an
engineering and an academic issue instead of an art reserved for consultants only. Instead
of trying to provide a linear, step-to-step model what to do, the paper outlines and makes a
case out of what are the things that must be accomplished to be successful. The fact that
visualising is one of the most effective tools for creating a change is utilised as well. A
simplified figure of the changes needed to start the life-cycle going is used as a model
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1 Introduction
The motivation of having an EDMS (Engineering Data Management System) installed and
used as part of the daily routines during the life-cycle of the LHC-system, the new accelerator
at CERN, is simple: there are approximately three hundred thousand drawings, other
documents, component data, structures, schedules, quality information and so on to be
managed within the next few years. Actually, the amount is manifold, as there will be
multiple versions nearly everywhere, since the construction of the LHC is not only a large
one-of-a-kind manufacturing project, but an R&D project as well.
The information must be easily located, retrieved and updated, and all this on a global scale.
Probably very few one-of-kind engineering projects in the world have had such challenges to
centrally collect, manage and distribute design data to all participating research institutes and
companies around the world. As the design effort has been on its way for some years now, an
EDMS system should be in use as soon as possible.
The motivation for this paper is rather simple; a decision has been taken to test the benefits of
using an EDMS in the form of a purchase of one commercial product for pilot purposes. The
actual pilot phase with the system will last only three months. Anybody who has been
involved with a large scale system installation knows that this is a very tight schedule. The
only way to ensure progress is not only to pre-plan but to prepare things well in advance.
Information on running successful pilot projects is scarce. One could even think of an
information pit, compared to the amount of literature available on technology on one hand
and about success stories on the other hand. The somewhat anarchistic basic research
environment at CERN does not provide a fertile ground to succeed with top-down project
views as provided many software project standards. The recent success of Business Process
Re-engineering (BPR) in both industrial and commercial worlds has filled some of this
information pit.
In the first phase, installing and using an EDMS at CERN does not have the process
innovation aspect that is often considered as characteristic to BPR projects. Rather, the scope
and size of activities to design and build the LHC accelerator and detectors is becoming so
large that some kind of a system is crucial for keeping the economic and temporal goals of the
LHC project.
We will start by presenting an overall vision of the journey that CERN must take to reach the
full benefits of an EDMS. After that, the first phases of this journey are taken under closer
scrutiny, by dividing the work into different aspects. Each of the aspects will then be given a
closer consideration. After that, the status of perhaps the most advanced pilot in CERN is
used to reflect the current situation. After that, some preliminary conclusions of the results of
the pilot phase are drawn.
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2 The transition process
At its present status the documents describing the LHC-system are scattered not only around
CERN, but also to participating institutes all around the world. The situation could be
characterised as an evolutionary one, i.e. the emergence of design documents through
geographically scattered project organisation. The overall structure and relations of the
documents are missing, yet structures emerge on lower level, e.g. on the level of individual
parts and equipment of the system. Before full-scale utilisation of an EDMS could take place
the documents must be linked with each other. Transition from the current situation to the use
of a commercial EDMS is not only very difficult but extremely time and resource consuming
(see Figure 1.). Therefore the steps to be taken during the pilot phase are very important in
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Figure 1. A life-cycle view of data and break-down structures with an EDMS
Each and every component of the LHC-system must be identified together with their structure
and responsible designers. The component structure must be merged into one following the
natural and overall breakdown of the components. This could be done by devising a
preliminary product structure and the relevant classes needed to describe the component (see
chap. 4 for an example). This structure is then filled with relations or links to the actual
engineering documentation. After this the other structures are merged into one describing the
overall system. The structure and links must then be checked and validated.
Successfully completed pilot phase will provide an overall structure of the accelerating
system which enables access to the real engineering documents. The more of this structure
can be established during the pilot phase, the better are the chances to have fluent full-scale
implementation of the EDMS. To accomplish this is the task of the pilot phase, and the rest of
the paper focus on more detailed analysis of this inevitable transition process.
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3 Steps
Implementation of a pilot for an EDMS, not to mention several of them as planned at CERN,
is a great challenge. The technical complexity of an EDMS system often leaves very little
time and space to consider the human and organisational aspects of the implementation
process. Preplanning is considered as crucial, but what should be planned and how is a
difficult question. The problem is in the amount and multitude of overlapping things to do.
This parallellity makes the formation of a step-wise plan or a GANTT chart almost
impossible. Top-down approaches, very often advertised as ‘blueprints’ for achieving great
results, is not well-suited into these complex situations either. A bottom-up approach is
needed, and a suitable analogy for this is a recipe. A recipe is a set of ingredients and
instructions that specify a process of doing something, quite often food. So here we have
taken the approach of making recipes, i.e. sub-list of tasks, each list concentrating on  a
special aspect of the whole problem. It has been our aim to consider only the “WHAT”
aspects of the problem setting, a real plan includes at least the “WHO” and “WHEN” aspects
as well. In each of the sets the different tasks serve different purposes i.e. preparation of
various ingredients of the complete recipe, but they are overlapping to a considerable extend.
This chapter concentrates on the recipes for preparing and running a successful pilot, i.e., this
is only the first course. And as you will see, already the first course is quite heavy. We have
used four areas to describe the work to be done. These are
• Area A: Product data and document
• Area B: Processes
• Area C: People
• Area D: System issues.
These four areas are independent only in the sense that the view taken, and therefore quite
often the people responsible for the tasks, is different. The work should start parallel within
each of the areas. Co-ordination of progress between the areas is still crucial for success.
However, each area has been presented with a final goal. Each of these sub-goals can be
considered as crucial for the over-all goal of a successful pilot project, that is to have a flying
start for full-scale implementation of an EDMS at CERN.
3.1 A: Product data and documents
A.1. Identify the product to be piloted, parts, components and the people related to it.
For a product as complicated as an accelerator or a detector, it is obvious that for the
purpose of implementing a pilot a particular subset of the product must be chosen as
the object to be modelled. The selected subset of the product should be representative
of the whole product in the aspect that it can serve as a good example and test bench
of the functionality and the benefits of the EDMS system in reality.
A.2. Devise preliminary product structure with the relevant classes.
This should begin with dividing the product chosen according to functional
subsystems, i.e., to magnetic subsystem, cryogenics, control etc. Each of these should
be worked on separately, as they are the end product of different organisational units.
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The work must be done in close co-operation with the future users of the EDMS, to
provide two important success factors for a pilot: first, the vocabulary in the system
should be that of the users and not some interpretation done by IT specialists;
secondly, it is important that the users see how their own work is being included in the
EDMS. Part of this work can be called classification of objects, and a good rule is to
create as simple a structure of objects or classes of components as possible, but not
simpler.
This is the task where the work on the SSS pilot concentrates currently.
A.3. Document the classifications with care.
A necessary step, but quite often set aside due to more interesting tasks. Therefore
mentioned separately here.
A.4. Link the underlying files or their relation to the structure.
This is the step where a useful set of information, for example drawings or test
documentation, is accumulated into the system. If the previous steps have been done
well, this step is rather simple, although often resource consuming.
A.5. Link the main structure with the other part structures.
The piloted product (of a sub-set) finally gets to a full PBS, that is linked with other
pilot structures to form a more complete view of the LHC-system.
A.6. Provide access to wider audience.
A.7. Start from point 2 with ABS and WBS information (optional).
Goal to be achieved: At least one central part of the final product modelled to the level that
can be called a baseline, so that real use of the EDMS is possible for the group of people
using this information without further intervention by the group responsible for
implementation.
3.2 B: Processes
B.1. Decide most important processes to be piloted
These processes really need to be user-centric. A problem can often be that there are
no processes in the users’ minds. Therefore the whole task of creating processes is
time consuming. Furthermore, there is a close correlation between the data and the
process. In fact, the choice of processes can be used as a test of whether or not there
will be enough data in the EDMS for any reasonable level of testing.
B2. Draft the processes with simple diagrams.
A coherent, simple notation should be used throughout the process. Process diagrams
are only partial models of the real world and as such never complete, but they are a
useful means of communication and documentation,. Therefore a purists approach is
not a good one, but the rules for modelling must be applied flexibly. The models
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should include at least paper, manual and computerised inputs and outputs, value-
adding activities and decision-making activities.
B.3. Correct and refine the diagrams with the users.
Several rounds should be taken, until the users cannot say any more: “No, it does
not/we do not work that way”. As said, the result will not be perfect, but it should be
sufficient when participants have a common understanding of the processes and the
corresponding diagrams.
B.4. Choose and define based on the processes one scenario that can be ‘played’ both as a
manual version and as a ‘with the EDMS’ version.
Simulation games are a very effective way of both educating and convincing people of
the need for change. In the case of CERN, especially, this could be an opportunity for
creating user-based process innovations.
B.5. Implement and test the processes with the system together with the end users.
Goal to be achieved: A process with enough data and experience to create and play a
simulation game with ‘without an EDMS’ and ‘with an EDMS’ scenarios with enough
commonality to convince people of the benefits of using the EDMS. This game would more
than well serve as a training platform later. It is not ultimately necessary use such a game, if
not needed, but the notion of the game situation gives a good reference level to strive for.
3.3 C: People
C.1. Educate on the benefits of an EDMS, including required efforts
The real issue here is to start slowly, feeding  people slowly with information, and at
the same time collecting needs and opinions. This can easily be achieved by collecting
responsible people monthly or bi-weekly to informal meeting to discuss the subject.
This effort can be considered successful if the original push-mode for introducing an
EDMS is transferred to pull-mode, i.e. a demand for an EDMS.
C.2. Create project groups
As it is not possible to have all the people involved, it is a good practice to define
roles for the people in the project group. A least the following roles should be
covered:
• leader of the pilot group,
• expert of engineering design,
• leader of the design process,
• several end-users to cover most of the areas A and B,
• problem-solver , i.e., EDMS system expert
• bridge-builder , i.e., a person who has knowledge and experience in data and
process modelling and who can make the mapping between the models and the
users needs.
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These groups should be based on the subsystem definition of A.3. Some of the roles
can be combined, where possible. A good rule is to keep a single group small and
concentrated.
C.3. Create a user forum
The possibilities of cross-fertilisation of experiences should be granted by a forum
where a couple of people from each of the groups participate regularly. The meetings
should have an agenda, and each of the groups should provide a brief account of the
work done, difficulties met etc. between the meetings.
C.4. Find a challenging customer
A common shortcoming of is to work only with people who from the beginning or
with a little persuasion take up the effort with you. It is our experience that a besides a
more enthusiastic core group, a tough, not so easy to convince sparring partner is
needed close or within the project group. If such a person then, after working together
for some time with the project group, sees the future benefits and changes his/her
suspicious attitudes to more positive ones, the chances of success can increase
considerably.
C.5. Train the users of the EDMS
This should be done by the company providing the software, and is included here just
to show that this is only a part of the effort needed with people.
Goal to be achieved: A snowball effect created by happy users, which establishes an envy
towards the users of the EDMS.
3.4. D: Software issues
D.1. Select the main features of engineering data management to be tested based on the User
Requirements definitions, and the processes depicted in Point B.
Here, it is important to start from the engineering needs, and not from the
functionality of the software. This will help to keep book on the capabilities of the
software only tested at this point and which will be covered by the areas A and B as
well.
D.2. Define simple functions and complex functions, as well as simple data and complex data.
Relate the data with Point A. (Product Data and Documents).
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The pilot plan should proceed from
simple thing to complex thing, i.e., it
is a good rule to start with the
functionality of the data vault and
proceed to more complex issues like
Product Configuration Management
and Change Management.
This plan should create a checklist for
each of the cells of the figure above.
When each of these checklists in each
of the cells has been covered, the software functionality should be well covered. A
preliminary, high level division between the axis could be the following:
DATA FUNCTIONS
single data files and meta-data data vault
structures process control
multiple, cross-linked structures structure/configuration management
It is interesting to note that there are equivalents to the functions above even in the
current work practices of CERN. Data vault is like a drawing office, process control is
a mixture of internal mail and meetings, and structure/configuration management is
performed by technical co-ordinators.
D.3. Synchronise the effort with other areas, especially A.
The pace achieved in other areas dictates the order taken here. As, for example, area A
provides with the data needed for anything else than simple tests, it is wise to adapt.
On the other hand, this area can provide some in-house support for the pilot groups if
the testing is proceeding a little bit ahead of the project groups.
D.4. Allocate resources to do this thorough software test.
This is not in the mainstream of the pilot project, but as a task this is essential in
answering the final question whether or not a certain software package has the
functionality that is needed in the future.
Goal to be achieved: This area should give answer to question whether or not the software
package chosen for the pilot can provide the functionality and performance needed. Areas A,
B and C should together prove the usefulness of an EDMS to the user community.
4. Where are we now: Case LHC short straight sections
The different steps of the complete recipe described in the section 3 above all aim at having at
the end a well structured model of the work that has to be managed, and having that model
implemented in an EDMS system. In the following we describe briefly the status of the
modelling of LHC short straight sections for this purpose, the steps that have been done so
far, and some views to the future steps needed.
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The work that has been concluded furthest at the moment is the modelling of LHC short
straight sections (LHC SSS) product structure. The first task of the modelling is to border the
limits of this subsystem, and find out what is all the information needed to completely
describe the inside of it. The second step is to break the data into always smaller and smaller
entities and eventually one reaches the end, in the case of a product structure, the raw
materials.
The task very closely related to this breaking of the data into blocks is classification of the
data. This is what was discussed in step A.2. The assemblies, parts, components and raw
materials found in the system are classified into groups that have similar characteristics and
can therefore be described with a similar set of attributes. The attributes describing the data
are not necessarily only very simple characteristics like length or weight of a component, but
these characteristics can include more complicated information, for example, links to
drawings, people responsible, or links to test results files. This is what was referred to in step
A.4., linking the underlying files or their relation to the structure. As the aim is to make the
classification as simple as possible, the number of classes has been kept to the minimum. As
a result, the SSS data is now classified in less than 20 classes. When all the individual parts or
components are classified and given the necessary characteristics, the hierarchy of those
components is formed by linking them together. This results in the product breakdown
structure of this particular modelled subsystem, which can then later be linked to other
product breakdown structures.
Currently most of these steps have been
done to LHC SSS data and a
preliminary product breakdown
structure has been devised within the
prototype system ACCIS. What is
important is that this work is done with
the designers and users of this data,
because an IT-specialist cannot possibly
form a correct structure alone. Also,
because there is no one correct way of
classifying the data, this whole process
has to be iterative. What needs to be
done now with the preliminary
structure, is to review it with the users
and correct and add information to it in
order to have it corresponding as well as
possible the user view of this system,
and in order to have it complete enough
to serve as a good pilot for testing the
EDMS system. One big task still to be
finished is to link all the underlying
files, for example drawings to the
structure.
Figure 3. Part of the PBS of SSS.
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The work for devising an assembly breakdown structure within ACCIS has also been started.
It is still in a very rough level of modelling, and has to be taken into far more detail. The
assembly breakdown structure starts from the top, the LHC ring, and comes down following
the structure of octants, arcs, and half cells containing the short straight sections. Now it
should be extended in such a way that it serves the needs of the users of the EDMS in the
pilot project phase. The work for modelling a work breakdown structure is also starting, and
as the other structures, it is being done in close co-operation with the users.
The lessons learned so far can be summarised with the following points:
• Collection and classification of the data must be done together with the users
• The preliminary model must be revised in order to have it as accurate and as complete as
possible
• One should try to model and classify the data in as simple a way as possible in order to
ease managing the vast amount of data
• When modelling the data, one must remember that the end result should reflect the view of
the user. If the user does not see his work in the structures, the structures are unusable.
5. Conclusions
This paper has concentrated on the very first steps of the prospective life-cycle of an EDMS
at CERN. The success of the pilot project is so crucial that a special plan has been created to
consider all relevant aspects of preparing and running a successful pilot. This plan is
presented in the form of task list, or recipes, to emphasise the parallelity of tasks and the fact
that despite the ambiguity characteristic to such efforts a lot of steps can be taken to clear the
view.
Although the work for preparing the pilot project is well under way, there still remain a
multitude of tasks that have to be completed before launching the pilot project. Data
collection, classification, process descriptions, education and training are all areas where a lot
can be accomplished before the arrival of the software to be tested.
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